beds, admits 1,300 patients a year, is located in an 860 bed teaching hospital, and has a referral base of 1-2 million persons. The voluminous charts were reviewed, particularly regarding events in the first month, since these might theoretically have been of aetiological significance in the development of the polyneuropathy. Day 1 was designated as the first day of admission to the critical care units of either Victoria Hospital or the referring hospital (the first 18 and 16 days of patients 2 and 3, respectively.)
Initially, all patients received standard intravenous solutions to ensure haemodynamic stability. Tube feeding (Ensure, Ross (Abbott) Laboratories, Montreal, Canada) was given at varying times and rates. When provided, the total parenteral nutrition formula was: 10% Travasol, 250 ml/l; 13-5% dextrose, 750 ml/I; Na 40, K 20, Mg 2-5, Ca 5-0, Cl 30 and acetate 37-5 mg/l; and a 10 ampule of multivitamins: vit C-1000 mgm, vit A-10,000 IU, vit D-1000 IU/UI, vit E-10 IU/UI, thiamine HCL-45 mg, riboflavin-10 mg, niacinamide-100 mg, pyradoxine-12 mg, and d pantothenic acid-26 mg. Supplements were: folate 5 mg, vit K-10 mg, vit B12-100 mg twice weekly; trace elements (zn-2 mg, Mn-i mg, Cu-1 mg, Cr-2 gg, 1-120 ,ug) once weekly; intralipid 10%, 500 ml thrice weekly, and albumin hydroxine gel alternating with magnesium and aluminium hydroxide 30 ml every two hours, maxeran 10 mg every eight hours by nasogastic tube, and cimetidine 300 mgm every six hours IV as required to maintain gastric pH >5-0.
All patients had full neurological examination, initially and in follow-up. Electrophysiological studies were performed on patients 1 to 4, using surface electrodes for nerve conduction studies and concentric needle electrodes for electromyography;' -3 isolation procedures prevented such studies in patient 5. Phrenic nerve conduction4 was studied in patient 3. Neuropathological studies of the central and peripheral nervous system were performed on patients 3, 4 and 5. Brain, spinal cord, muscle and nerve were fixed with 10% buffered formaldehyde, processed and embedded in paraffin, according to standard techniques. Sections were stained with haematoxilin and eosin, solochrome R and Bodian's stain for axis cylinders. Samples of nerve roots, peripheral nerves and muscle, obtained by surgical biopsy or necropsy, were fixed in buffered glutaraldehyde, processed and embedded in epon according to standard procedures. Semithin sections were stained with toluidine blue; selected thin sections were stained with uranyl acetate and lead citrate and viewed with a Philips 201 electron microscope. Samples of superficial peroneal nerve were teased in glycerine and the different fibre types assessed and classified according to Dyck.5 Muscle histochemistry was done using haematoxylin and eosin, Gomori's trichrome, periodic-acid-shiff, fat stain, myosin ATPase at pH 4-3, 4-6, 9-3 and oxidative enzyme stains.
Case reports
Patient I A 56-year-old hypersensitive and mildly diabetic woman experienced epigastric pain, vomiting, generalised weakness and a 20 lb (10 kg) weight loss. She was mildly confused and feverish. Treatment in the critical care unit for phenformin-induced lactic acidosis, dehydration, transient renal failure and pneumonia due to Staphylococcus aureus and Klebseilla pneumoniae was successful; cephalolithin sodium and gentamycin were given. At 3 weeks she could not be weaned from the respirator and complained of numbness, tingling and burning of the hands and feet. Swallowing, tongue protrusion and biting were strong, but neck, chest wall, abdomen and limb muscles were very weak. All deep tendon reflexes were absent. Position sense and vibration sense were distally impaired, but pinprick was preserved. The CSF was unremarkable. (table 1) . Electrophysiology (table 2) indicated a severe axonal degeneration of motor and sensory fibres, electromyography revealing numerous fibrillation potentials and positive waves and absent voluntary unit activity in proximal and distal limb muscles. Aetiological investigations of the polyneuropathy were negative (see below). After total parenteral nutrition was started at 3 weeks, gradual recovery occurred. She left hospital in a wheelchair at four and one half months, was still confined to a wheelchair at six months, but her linmbs were now moderately strong. The deep tendon reflexes were still absent. Vibration and postion sense were normal, but pain and temperature were impaired distally. Two-point discrimination was absent in the feet. Electrophysiology confirmed improvement (table  2) ; abnormal spontaneous activity in muscle had almost disappeared and voluntary motor unit activity had returned, several units being highly polyphasic, indicating reinnervation. At two years, she could walk independently but still had residual signs of polyneuropathy. response from both leaves of the diaphragm. Needle electrode examination indicated widespread denervation of muscle, including external oblique and intercostal muscles. Excessive polyphasic units were recorded in the facial muscles. CSF was unremarkable (table 1) . Aetiological investigation proved negative (see below). At seven weeks, fascicular biopsies of the superficial and deep peroneal nerves at the ankles showed mild loss of myelinated fibres and ongoing axonal degeneration. Some fibres were thinly myelinated, indicating either remyelination or regeneration. There was no active demyelination (table 3) nor Cerebral manifestations-transient metabolic encephalopathy in patient 1, multifocal petechial haemorrhages due to thrombotic thrombocytopenic purpura (with recovery) in patient 4, and severe head trauma as a primary event in patient 5- seemed, except for the former, aetiologically unrelated to the polyneuropathy.
2 Clinical features of the polyneuropathy This complication was evident within one month of admission to the critical care unit. Clinical evaluation of patients in this setting is often difficult because of the severe systemic illness and because methods of ventilatory support and other equipment attached to patients prevent effective history-taking and physical examination. As noted below, electrophysiological examination provided early and definitive evidence of polyneuropathy. However, Bo.'ton, Gilbert, Hahn, Sibbald certain clinical signs strongly suggested the diagnosis. Spontaneous limb movements became increasingly weak and the muscles were flaccid on passive limb movement. Painful stimulation of the limbs produced weak grimacing of facial muscles but the expected flexion movements of the limbs were inappropriately weak, both proximally and distally. Finally, the deep tendon reflexes that had previously been present became absent. The distribution of the clinical signs suggested involvement of cranial nerves and nerve roots, as well as peripheral nerves, in a polyradiculoneuropathy pattern. Autonomic dysfunction was not evident clinically.
The cerebrospinal fluid was unremarkable (table 1). The protein was only mildly elevated in patients 2 and 5, and the cells were increased only in patient 4 due to purpura.
Patients 1 and 2 recovered gradually over a matter of months, but there was still evidence of a mild polyneuropathy in patient 1 after two years, and a moderate polyneuropathy in patient 2 at 10 months. The remaining three patients died of causes unrelated to the polyneuropathy, but beforehand had clinical and electrophysiological evidence of beginning recovery. In patients 2, 3, 4 and 5, the onset of recovery followed the institution of total parenteral nutrition, and was maintained despite recurring infection and antibiotic therapy (fig 1) .
3 Electrophysiological features Studies in the electromyography laboratory provided an early and clear indication of polyneuropathy. Impulse conduction of motor and sensory fibres was normal or minimally prolonged in proximal and distal segments as measured by F wave latencies, conduction velocities and distal latencies. However, the amplitude of compound muscle and sensory nerve action potentials was severely reduced (table 2) . In comparing amplitudes on proximal and distal stimulation, conduction block was not evident. Concentric needle electrode studies revealed numerous fibrillation potentials and positive waves, and marked reduction in numbers of motor unit potentials in proximal and distal limb muscles. The facial muscles showed similar, less severe abnormalities in patients 2 and 4. In patient 3, phrenic nerve conduction4 failed to evoke responses from either leaf of the diaphragm and needle electrode study of intercostal muscles indicated severe denervation.
The electrophysiological abnormalities were consistent with severe axonal degeneration and resulting denervation of skeletal muscle.9 Follow-up nerve conduction (table 2) and needle electrode studies indicated axonal regeneration of nerve and reinnervation of muscle, substantial in patient 1, and begin- The electrophysiological and morphological evidence of a primary axonal degeneration suggests either a toxin or nutritional deficiency'7-"9 affecting only the peripheral nervous system. Of the various toxins, the most likely endogenous source is bacterial infection, since there was sepsis in all patients; but none of the organisms isolated produce a toxin which is known to affect peripheral nerves; in particular Cornyebacterium diphtheriae and Legionella pneumophilia20 were not cultured. Nonetheless, sepsis is known to have widespread2' and, as yet, poorly understood effects which include accelerated skeletal muscle protein breakdown (patient 3 showed morphological evidence of primary myopathic changes in addition to denervation atrophy)22 23 but might also include peripheral nerve damage.
Antibiotics are the most obvious source of an exogenous toxin, particularly aminoglycosides, the only group prescribed to all patients. However, while damage to the kidney, eighth cranial nerve and neuromuscular junction have been well documented complications, polyneuropathy has not.24-2' The possible exception to this is the recently reported "acute sensory neuronopathy"20 which was believed by the authors to be a toxic effect of antibiotics or an unusual form of GuillainBarre syndrome. While differing in its purely sensory involvement, it developed in the same clinical setting as our cases, and it may ultimately be shown to have a similar aetiology.
Nutritional deficiency must be considered.'9 29 Critical illness is known to place excessive demands on nutritional mechanisms,3t1 and as in our patients, depress peripheral blood lymphocyte counts and serum albumin. Moreover, after the institution of total parenteral nutrition the polyneuropathy improved (fig 1) . Our formula presumably supplied nutrients that were compatible with recovery, and was not deficient in substances such as chromium31 32 and phosphate,33 reported to cause polyneuropathy after the institution of total parenteral nutrition.
Conversely, specific vitamin deficiency seems unlikely. Acute thiamine deficiency seldom causes an isolated polyneuropathy,34 but often produces Wernicke's encephalopathy,35 36 We suggest that the nutritional status of patients admitted to critical care units be given close attention. The precise indications for instituting total Bolton, Gilbert, Hahn, Sibbald parenteral nutrition are still being debated, but our observations suggest this treatment should be considered early in the course of critical illness. Potentially neurotoxic substances, notably aminoglycoside antibiotics, should be discontinued, if possible, at the first sign of unexplained respiratory insufficiency, weakness of limb muscles, or reduction of deep tendon reflexes. Appropriate electrophysiological investigation of the peripheral nervous system will detect this polyneuropathy at an early stage. Indeed, subsequent observations have disclosed further cases in our unit,49 and in a unit at Minneapolis.50 Intensive, prospective investigation of such patients may disclose the true cause. 
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